Relapse after the completion of induction and consolidation chemotherapy remains a significant cause of mortality in the post‐chemotherapy phase of acute myeloid leukaemia (AML). Several studies have questioned whether AML patients who require two or more courses of induction chemotherapy to attain complete remission (CR) are at increased risk of relapse or death. While studies performed in the 1980's and 1990's yielded inconclusive results (Rowe et al., [2010](#bjh16320-bib-0010){ref-type="ref"}), contemporary studies have identified that needing more than one cycle of induction chemotherapy to achieve CR is a risk factor for relapse and death in younger adult patients (Othus et al., [2019](#bjh16320-bib-0009){ref-type="ref"}).

Aspects of immunity are relevant to the relapse risk in AML and several immunotherapies aimed at preventing relapse have been developed (Martner et al., [2013](#bjh16320-bib-0007){ref-type="ref"}; Weinstock et al., [2017](#bjh16320-bib-0012){ref-type="ref"}; Beyar‐Katz & Gill, [2018](#bjh16320-bib-0004){ref-type="ref"}; Liu et al., [2019](#bjh16320-bib-0006){ref-type="ref"}). Immunotherapy with histamine dihydrochloride in conjunction with low‐dose interleukin‐2 (HDC/IL‐2) is approved for relapse prevention in AML patients within the European Union (EU). For this study, we analysed the potential impact of previous induction chemotherapy on the clinical efficacy of HDC/IL‐2.

Three hundred and twenty patients with AML (18--84 years, median 55), who were not eligible for allogeneic stem cell transplantation, were randomly assigned to receive relapse‐preventive immunotherapy with HDC/IL‐2 or no treatment (control group) in a phase III trial. HDC/IL‐2 was initiated in CR after consolidation chemotherapy (Brune et al., [2006](#bjh16320-bib-0005){ref-type="ref"}). Patients in the treatment arm were scheduled to receive 10 consecutive three‐week cycles of HDC/IL2 with three‐ (cycles 1--3) or six‐week (cycles 4--10) rest periods. In each cycle, these patients received HDC (Noventia Pharma, Milan, Italy) at 0·5 mg and human recombinant low‐dose IL‐2 (aldesleukin; 16 400 IU/kg; Chiron Corporation, Emeryville, CA) subcutaneously twice a day. After 18 months of treatment, patients were monitored for at least 18 additional months. The median follow‐up time was 48 months.

In the CR1 population (*n* = 261), the number of induction cycles was known in 260 patients, and 203 (78%) of these attained CR after one induction cycle. Among the 57 remaining patients, 47 attained CR after two cycles, while three (*n* = 7) or four (*n* = 3) cycles were required to induce CR in 10 patients. Among control patients, there was a non‐significant trend towards inferior clinical outcome in terms of leukemia‐free survival (LFS, defined as the time from inclusion to relapse or death) in those who required more than one induction to attain CR, with a similar trend in younger patients (\<60 years old; Figure [S1](#bjh16320-sup-0002){ref-type="supplementary-material"}A‐B). In the HDC/IL‐2 arm, outcome was significantly superior in patients who attained CR1 after one induction for all patients as well as for younger patients (Figure [S1](#bjh16320-sup-0002){ref-type="supplementary-material"}C‐D). In multivariable analyses, it was found that the number of induction cycles required to attain CR independently predicted outcome for patients in the treatment arm (Table [S1](#bjh16320-sup-0001){ref-type="supplementary-material"}).

We compared clinical outcomes for HDC/IL‐2‐treated and control patients who achieved CR after one cycle of induction. In this group, the HDC/IL‐2 arm was significantly superior to the control arm for LFS, with a similar trend for overall survival (OS; Figure [1](#bjh16320-fig-0001){ref-type="fig"}A‐B). In patients less than 60 years old, treatment with HDC/IL‐2 entailed significantly improved LFS and OS (Figure [1](#bjh16320-fig-0001){ref-type="fig"}C‐D). The survival advantage for patients in the treatment arm over the control arm remained significant in multivariable analyses (Table [1](#bjh16320-tbl-0001){ref-type="table"}), correcting for predefined potential confounders (Brune et al., [2006](#bjh16320-bib-0005){ref-type="ref"}). Treatment with HDC/IL‐2 did not affect LFS or OS in patients who required more than one cycle of induction to attain CR1 (Figure [1](#bjh16320-fig-0001){ref-type="fig"}E‐F) and was not significantly beneficial in older patients (\>60 years old; data not shown). A test of interaction on the effect of HDC/IL‐2 *versus* controls for LFS supported the finding that it was more pronounced in younger patients who attained CR after one (HR = 0·48) *versus* more than one (HR = 1·33) cycle of induction (*P* = 0·04).

![Panels A and B show Kaplan‐Meier plots of LFS and OS in HDC/IL‐2 treated patients or control patients who attained CR1 after the first cycle of induction chemotherapy. Panels C and D show corresponding results in patients \<60 years old. Panels E and F show LFS and OS in patients (all ages) who required \>1 induction cycle to attain CR1. Statistical analysis was performed by the logrank test.](BJH-188-e49-g001){#bjh16320-fig-0001}

###### 

Cox regression analysis of effects of HDC/IL‐2 treatment *versus* control on LFS or OS in patients in CR1 who attained CR after one induction cycle. Covariates that tended to affect LFS or OS in univariable analyses (*P*‐values below 0·1) were included in multivariable analyses.

  Patient groups                                            Outcome   Univariable analysis   Multivariable analysis[\*](#bjh16320-note-0001){ref-type="fn"}                                     
  --------------------------------------------------------- --------- ---------------------- ---------------------------------------------------------------- ------- ------------ ------------ --------
  All patients                                              LFS       0·65                   0·46--0·92                                                       0·01    0·64         0·45--0·91   0·01
  OS                                                        0·71      0·48--1·05             0·09                                                             0·76    0·51--1·14   0·18         
  \<60 years                                                LFS       0·48                   0·30--0·76                                                       0·002   0·46         0·29--0·72   0·0008
  OS                                                        0·53      0·31--0·92             0·02                                                             0·49    0·28--0·85   0·01         
  \<60 years M4/M5[§](#bjh16320-note-0004){ref-type="fn"}   LFS       0·28                   0·13--0·62                                                       0·002   0·28         0·13--0·62   0·002
  OS                                                        0·28      0·10--0·74             0·01                                                             0·33    0·12--0·91   0·03         

Covariates considered: age; gender (female vs. male); karyotype (favourable vs. intermediate vs. unfavourable); French‐American‐British (FAB) class M0/M1/M5/M6 (yes vs. no); FAB class M2/M3/M4 (yes vs. no); \>3 days cytarabine treatment (yes vs. no); secondary AML (yes vs. no); and months from CR1 to random assignment (\>6 mo vs. ≤6 mo).

HR = hazard ratio between HDC/IL‐2 and control.

CI = confidence interval.

M4/M5 = French‐American‐British class M4 and M5.
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The HDC component of the HDC/IL‐2 regimen aims at countering immunosuppression triggered by reactive oxygen species, formed by the NOX2 enzyme expressed by normal and malignant myeloid cells (Martner et al., [2013](#bjh16320-bib-0007){ref-type="ref"}; Martner et al., [2019](#bjh16320-bib-0008){ref-type="ref"}). In AML, functional NOX2 is co‐expressed with histamine H~2~ receptors (H~2~R) by leukaemic cells of the M4 and M5 FAB classes (Aurelius et al., [2012a](#bjh16320-bib-0001){ref-type="ref"}; Aurelius et al., [2012b](#bjh16320-bib-0002){ref-type="ref"}). We analysed the impact of induction chemotherapy on treatment efficacy in younger patients with FAB M4/M5 AML and observed pronounced efficacy of HDC/IL‐2 *versus* controls in terms of LFS and OS in patients who attained CR1 after one induction in univariable and multivariable analysis (Figure [S2](#bjh16320-sup-0003){ref-type="supplementary-material"}, Table [1](#bjh16320-tbl-0001){ref-type="table"}).

We conclude that the clinical efficacy of relapse‐preventive immunotherapy with HDC/IL‐2 hinges on the effectiveness of induction chemotherapy. In this regard, our results confirm and extend previous findings in a single‐arm phase IV trial in which 84 AML patients in CR1 received HDC/IL‐2 (Aurelius et al., [2019](#bjh16320-bib-0003){ref-type="ref"}). In addition, similar results of favourable outcome in patients achieving CR after one *versus* several cycles of induction were obtained in AML patients undergoing allogeneic transplantation (Walter et al., [2013](#bjh16320-bib-0011){ref-type="ref"}). Collectively, these results suggest that efficient elimination of leukemic cells during induction treatment favours immune‐mediated clearance of residual leukaemia, thus preventing relapse and death in the post‐chemotherapy phase.

Within the group of patients attaining CR after one induction cycle, our data also point to subgroups of patients, including FAB‐M4/M5 AML, in whom the clinical efficacy of HDC/IL‐2 for relapse prevention is pronounced. These results thus provide means to identify patients who are likely to benefit from immunotherapy and, conversely, patients in whom the therapy is inefficacious. The exploratory nature of these results should be emphasised.

In summary, our results imply that the efficiency of induction chemotherapy independently determines the clinical benefit of relapse‐preventive immunotherapy with HDC/IL‐2 in adult AML patients who are not candidates for allogeneic transplantation. This finding, along with similar results achieved in patients receiving allo‐SCT, suggests that future immunotherapy trials should take the efficiency of induction therapy into account.
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**Table S1**. Cox regression analysis of the effect of 1 *versus* \>1 induction cycle of chemotherapy on LFS or OS in patients in CR1. Covariates with P‐values below 0.1 in univariable analyses were included in multivariable analyses.

###### 

Click here for additional data file.

###### 

**Figure S1**. Kaplan‐Meier plots of LFS in all control arm patients in CR1 (A) and in younger control patients (\<60 years old, B) who attained CR after 1 *versus* \>1 course of induction chemotherapy. Panels C and D show corresponding results in the HDC/IL‐2 arm. Statistics by the logrank test.
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Click here for additional data file.

###### 

**Figure S2**. Kaplan‐Meier plots of LFS (A) and OS (B) in younger patients (\<60 years old) with AML of FAB M4/M5 classes receiving HDC/IL‐2 or control who attained CR1 after the first course of induction chemotherapy. Statistics by the logrank test.
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Click here for additional data file.
